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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor (s) 
Serial No, 
Filed 
For 



Examiner 
Art Unit 



Juergen HAHN et al . 
To Be Assigned 
Herewith 

ELLIPSOMETER MEASUREMENT APPARATUS 



To Be Assigned 
To Be Assigned 



As s i s t an t Commi s s ione r 

for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

SIR: 

Kindly amend the above- identified application before 
examination, as set forth below, 

IN THE TITLE ; 

Please replace the title with the following new 

title : 

--ELLIPSOMETER MEASUREMENT APPARATUS--. 

IN THE SPECIFICATION : 

Please amend the specification as follows: 

On page 1, delete line 1, and insert: 
- - FIELD OF THE INVENTION - - . 

On page 1, line 3, before "invention" insert -- 
present--, and change "refers" to --relates--. 

On page 1, line 5, change ", having" to --, The 
apparatus includes- - . 

On page 1, line 10, change ", the" to The--. 

On page 1, line 11, change "being" to --are--, 

vW ^ u\b ^OuL.S 



On page 1, line 13, change "being" to --is-- 



On page 1, before line 16, insert: 
- - BACKGROUND INFORMATION - - . 

On page 1, line 16, delete "of this kind". 

On page 2, delete line 8, and insert: 
-- SUMMARY -- , 

On page 2, line 10, change "the" (first occurrence) 
to --an--, before "invention" insert --present--, and change 
"make available" to --provide--. 

On page 2, line 11, delete "of the kind recited". 
On page 2, line 12, delete "initially". 
On page 2, delete line 16. 

On page 2, line 17, change "this" to --an example 
embodiment of the present invention--. 

On page 2, line 28, before "algorithms" insert 
conventional--, and delete "known per se" . 

On page 4, delete line 8-10, and insert: 
- - BRIEF DESCRIPTION OF THE DRAWINGS - - . 

On page 4, line 14, change "; and" to 

On page 4, before line 19, insert: 
- - DETAILED DESCRIPTION - - . 

On page 5, line 16, before "algorithms" insert -- 
conventional--, and delete "known per se". 

On page 5, line 37, change "[beta]" to --p--. 



On page 6, line 1, change "[gamma]" to --y--,. 

On page 6, line 5, change "said" to --the--. 

On page G, line 13, change "preferably" to --for 
example , - - . 

On page 7, delete line 1, and insert: 
- - What Is Claimed Is : - - . 

IN THE ABSTRACT : 

Please amend the abstract, as follows: 

Line 3, change "The invention relates to an" to -- 

An- - . 

Line 5, change having" to --is described. The 
apparatus includes--, and delete "(3)". 

Line 6, delete " (9) " . 

Line 7, delete " (9) " and " (P) " . 

Line 9, delete "(5.4)" and "(10)". 

Line 10, delete " (P) " and "(5.7,". 

Line 11, delete "5.8)" and "(9)". 

Line 12, delete "(5,4)". 

Line 14, delete " (7) " , 

Line 18, delete "(5.7,", 

Line 19, delete "5.8, 7.1)" and "([beta])". 
Line 20, delete "(10)". 



Line 21, delete "(1)" and "(P)". 
Line 23, delete " (7) " and " ( [beta] ) " . 
Line 24, delete "(Figure 1)". 

IN THE CLAIMS ; 

Please cancel claims 1-8, without prejudice. 

Please add the following new claims: 

9. (New) An ellipsometer measurement apparatus for 
determining a thickness of a film applied on a substrate, 
comprising : 

a light source emitting a beam; 

a transmitting optical system conveying the beam to 
an incidence point on the substrate, the substrate 
reflecting the beam from the incidence point; 

a photodetector device; 

a receiving optical system conveying the reflected 
beam to the photodetector device, the receiving optical 
system including an analyzer, a polarization direction of 
the beam and of the analyzer being modified in time 
relative to one another; 

an evaluation device evaluating intensity changes in 
the reflected beam and determining the film thickness as 
a function of the intensity changes; and 

an angle measurement device sensing an angle of the 
reflected beam relative to a tangential plane of the 
substrate at the incidence point, the evaluation device 
determining the film thickness as a function of the 
sensed angle. 

10. (New) The measurement apparatus according to claim 9, 
wherein the angle measurement device includes a photodetector 
unit that is position-sensitive in at least one of an X and Y 
direction, an angle of reflection being calculated from 
position data and distance data with an evaluation stage. 
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11. (New) The measurement apparatus according to claim 10, 
wherein the intensity changes and the position data are sensed 
with a same photodetector . 

12. (New) The measurement apparatus according to claim 10, 
wherein the photodetector unit includes two position-sensitive 
photodetectors arranged at a distance from the incidence point 
in a beam path of the reflected beam, the angle of reflecting 
being calculated based on differing positions of the reflected 
beam on the two position-sensitive photodetectors. 

13. (New) The measurement apparatus according to claim 12, 
further comprising: 

a beam splitter arranged in the beam path of the 
reflected beam in front of the two position-sensitive 
photodetectors, each of the two position-sensitive 
photodetectors receiving a partial beam of the reflected 
beam. 

14. (New) The measurement apparatus according to claim 9, 
further comprising : 

a converging lens arranged in front of the 
photodetector device. 

15. (New) The measurement apparatus according to claim 9, 
wherein the transmitting optical system and the receiving 
optical system are integrated into a common carrier, the 
carrier having a three -point support for placement of the 
film. 

16. (New) The measurement apparatus according to claim 9, 
wherein the transmitting optical system includes a polarizer 
and a X/4 plate in a beam path of the beam, and wherein one of 
the polarizer and the analyzer is arranged in rotationally 
driven fashion about an axis normal to a surface of the one of 
the polarizer and the analyzer. 
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REMARKS 

This Preliminary Amendment cancels, without 
prejudice, claims 1-8 in the underlying PCT Application No. 
PCT/DE98/02260, and adds new claims 9-16. The new claims 
conform the claims to U.S. Patent and Trademark Office rules 
and do not add new matter to the application. 

The above amendments to the title, the specification 
and the abstract are, inter alia, to conform the title, 
the specification and the abstract to U.S. Patent and 
Trademark Office rules and to correct informalities. The 
amendments to the title, the specification and the abstract do 
not add new matter. 

The underlying PCT Application No. PCT/DE98/02260 
includes an International Search Report, dated March 3, 1999. 
The Search Report includes a list of documents that were 
uncovered in the underlying PCT Application. A copy of the 
Search Report is included herewith. 

The underlying PCT application also includes an 
International Preliminary Examination Report. An English 
translation of the International Preliminary Examination 
Report is included herewith. 

It is respectfully submitted that the subject matter 
of the present application is new, non-obvious, and useful. 
Prompt consideration and allowance of the application are 
respectfully requested . 

Respectfully submitted, 
KENYON Sc KENYON 

Dated: 

Richard L. M^er 

Reg. No. 22,490 

One Broadway 

New York, N.Y. 10004 
(212) 425-7200 (telephone) 
(212) 425-5288 (facsimile) 

252602V1 
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ELLIPSOMETER MEASUREMENT APPARATUS 



Background of the Invention 

The invention refers to an ellipsometer measurement 
apparatus for determining the thickness of a film applied on 
a substrate, having a light source emitting an incoming 
beam, a transmitting optical system conveying the polarized 
incoming beam to an incidence point on the substrate, and a 
receiving optical system that has an analyzer and conveys 
the reflected beam formed at the incidence point to a 
photodetector device, the polarization direction of the 
incoming beam and of the analyzer being modified in time 
relative to one another, and the intensity changes produced 
thereby being evaluated by way of an evaluation device in 
order to determine the film thickness. 

7\n ellipsometer measurement apparatus of this kind is 
described in Bosch Technische Berichte, Vol. 4 (1974), No. 
7, pages 315-320. It is possible with a measurement 
apparatus of this kind, for example, to measure the 
thickness of protective films on aluminum-coated headlight 
reflectors in the form of a paraboloid mirror with a large 
aperture ratio; the film thicknesses are in the range from 
10 to 50 nm, and a resolution on the order of a nanometer is 
achievable. For this purpose, a polarized incident beam is 
directed at a predefined angle of incidence onto a 
measurement point of the headlight reflector, and is 
reflected at an angle that is also predefined. The reflected 
beam is elliptically polarized, and for determination of the 
ellipticity is conveyed through a rotating analyzer onto a 
photodetector on which intensity fluctuations of the light 
signal that correspond to the ellipticity are sensed. The 
ellipticity and thus the change in intensity depend on the 
film thickness, so that the latter can be determined in a 



downstream evaluation device. The angle of the incident beam 
and reflected beam in terms of the tangential plane or the 
normal line at the measurement point is often difficult to 
establish, and accurate adjustment is almost impossible at 
5 dif f icult-to-access locations or with changing curvature 
profiles, as in the case of modern headlights. 

Advantages of the Invention 

0 It is the object of the invention to make available an 
ellipsometer measurement apparatus of the kind recited 
initially that, while easy to adjust and handle, supplies 
accurate measurement results even at dif f icult-to-access 
locations and with differing curvature profiles. 

5 

This object is achieved with the features of Claim 1. 
According to this, an angle measurement device is provided 
with which the angle of the reflected beam relative to a 
tangential plane of the substrate at the incidence point can 

0 be sensed, and the film thickness can be determined by way 
of the evaluation device as a function of the angle that is 
sensed. Because the angle of the reflected beam is sensed 
and is additionally evaluated in order to calculate the film 
thickness, the measurement apparatus can easily be placed on 

5 the film and the measurement can readily be performed. The 

resulting angle is automatically and accurately taken into 
account, and is incorporated into the calculation of the 
film thickness using algorithms known per se. 

0 Measurement of the angle can also be accomplished in simple 
fashion by the fact that the angle measurement device has a 
photodetector unit that is position-sensitive in the X 
and/or Y direction, as well as an evaluation stage with 
which the angle of reflection can be calculated from the 

5 position data and from distance data. Experiments have shown 
that even a one-dimensional angle determination yields good 
measurement results for the film thickness. 
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The simple configuration is promoted by the fact that the 
intensity changes and the position of the reflected beam are 
sensed with the same photodetector of the photodetector 
device . 

5 

A further possibility for easy determination of the angle 
consists in the fact that the photodetector device has two 
position-sensitive photodetectors arranged at different 
distances from the incidence point in the beam path of the 
10 reflected beam^. and that the angle is calculated on the 

basis of the differing positions of the reflected beam on 
the two photodetectors. Here again, one of the 
photodetectors can be utilized simultaneously to measure the 
intensity changes of the reflected beam. 

15 

When the angle is determined using two photodetectors, the 
configuration can be, for example, such that a beam splitter 
is arranged in the beam path of the reflected beam in front 
of the two photodetectors, and that each photodetector 
20 receives a partial beam of the reflected beam. 

Alternatively, the two photodetectors can also be arranged 
one behind another, a portion of the reflected beam passing 
through the front photodetector. 

25 If only one photodetector is used, provision is 

advantageously made for a converging lens to be arranged in 
front of the photodetector device. 

Simple handling is promoted by the fact that the 
30 transmitting optical system and the receiving optical system 
are integrated into a common carrier, and that the carrier 
has a three-point support for placement on the film. With 
this configuration, unequivocal placement on the film is 
also always guaranteed. The three-point support can 
35 comprise, for example, a ball support which on the one hand 
guarantees single-point support at the three support points 
and on the other hand prevents damage to the film. 
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In order to obtain reliable measurement results^ it has 
proven advantageous to use a configuration in which the 
transmitting optical system has a polarizer and a A/4 plate 
in the beam path of the incoming beam^. and the polarizer or 
5 the analyzer is arranged in rotationally drivable fashion 
about an axis normal to its surface. 

The invention will be explained below in more detail with 
reference to exemplary embodiments^ referring to the 
10 drawings in which: 

Figure 1 shows a schematic depiction of an ellipsometer 
measurement apparatus in a partially sectioned 
side view; and 

Figure 2 shows a side view of a further ellipsometer 
:i measurement apparatus . 

Figure 1 shows a measured object 1 made up of a substrate 
!:i 20 and a film^ applied onto the concavely curved inner side 

thereof, whose thickness at a measurement point P is to be 
r„ measured using a measurement arrangement 2 . 

Measurement arrangement 2 possesses a laser 3, a lens 4 in 
25 front of the latter, a light guide 6, a measurement probe 5, 
and an evaluation device 7. The light beam generated by 
laser 3 passes through front-mounted lens 4 and light guide 
6f as incoming beam 9, into measurement probe 5, and is 
directed by the latter, through a transmitting optical 
30 system having a lens 5.1, a polarizer 5.2, and a A/4 plate 
5.3, onto the measurement point or incidence point P of 
measured object 1. 

The beam reflected at incidence point P, in the form of 
35 reflected beam 10, passes, in a receiving optical system, 
through a rotationally driven analyzer 5.4, a filter 5.5, 
and a converging lens 5.6, and is focused by the latter onto 
a photodetector 5.7, Photodetector 5.7 belongs to a 
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photodetector device that detects on the one hand intensity 
fluctuations of reflected beam 10, and on the other hand the 
incidence location on photodetector 5,7. Photodetector 5,7 
can be, for example, a position-sensitive detector (PSD) or 
5 a CCD camera* A position measuring instrument 7.1 for an X 
and/or Y position is provided in evaluation device 7. The 
distance from incidence point P is taken into account when 
the X and/or Y angle is calculated. Also provided is an 
intensity measuring instrument 7,2 that senses the intensity 
10 fluctuations of reflected beam 10 resulting from the 
rotation of analyzer 5.7 and serves to calculate the 
ellipticity . 

From the ellipticity, and taking into account the reflection 
,2l5 angle ascertained from the X and/or Y angle, the film 
'IZ thickness can be determined using algorithms known per se. 

In this context, empirical tabulated values that are stored 
';;*=; in a memory can also be utilized, for example, to determine 

j> the film thickness. 

::_2o 

Whereas in the configuration according to Figure 1 the same 
■fli photodetector 5.7 is used to measure the intensity change 

it and to calculate the angle, with the otherwise corresponding 

configuration according to Figure 2, two photodetectors 5.7 

25 and 5.8, at different distances from incidence point P, are 
provided for determination of the angle. Reflected beam 10 
is split at a beam splitter 5.9 into two partial beams that 
pass along different path lengths before reaching the 
associated photodetectors 5.7 and 5.8. From the different X 

30 and/or Y positions on the two photodetectors 5.7 and 5.8, 
the X and Y angles (and from them the angle of reflection) 
can be ascertained as a function of the different path 
lengths. One of the two photodetectors 5.7 and 5.8 can 
simultaneously be utilized for the intensity measurement. 

35 Figure 2 also shows the angle oc of incident beam 9 with 
respect to a tangential plane at incidence point P, the 
angle [beta] of reflected beam 10 also with respect to the 
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tangential plane, and an angle [gamma] between the incident 
beam and reflected beam. 



Instead of analyzer 5,4 shown in Figure 1 that is rotatable 
5 about a surface normal line, said analyzer can also be 

replaced by a stationary analyzer and instead a rotating 
polarizer 5,2 can be provided in the transmitting optical 
system. It has been found that the reliability of the 
measurement results can thereby be improved. 

10 

The transmitting optical system and receiving optical system 
are installed in a common carrier that is equipped with a 
three-point support, preferably in the form of balls or 
spherical caps, thus attaining unequivocal placement of the 
15 measurement apparatus on measured object 1 even at 

dif f icult-to-access points and when different curvatures are 
present. The measurement apparatus, being a probe, is easy 
to handle, and is simple to adjust because the angle of the 
reflected beam is automatically sensed. 

20 
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Claims 

1. An ellipsoineter measurement apparatus for determining 
the thickness of a film applied on a substrate^, having 
a light source (3) emitting an incoming beam (9), a 
transmitting optical system conveying the polarized 
incoming beam (9) to an incidence point (P) on the 
substrate, and a receiving optical system that has an 
analyzer (5,4) and conveys the reflected beam (10) 
formed at the incidence point (P) to a photodetector 
device (5.7, 5.8); the polarization direction of the 
incoming beam (9) and of the analyzer (5.4) being 
modified in time relative to one another, and the 
intensity changes produced thereby being evaluated by 
way of an evaluation device (7) in order to determine 
the film thickness, characterized in that 

an angle measurement device (5.7, 5.8, 7.1) is 
provided with which the angle ( [beta] ) of the reflected 
beam (10) relative to a tangential plane of the 
substrate (1) at the incidence point (P) can be sensed; 
and that 

the film thickness can be determined by way of the 
evaluation device (7) as a function of the angle 
( [beta] ) that is sensed. 

2. The measurement apparatus as defined in Claim 1, 
characterized in that the angle measurement device has 
a photodetector unit (5.7, 5.8) that is position- 
sensitive in the X and/or Y direction, as well as an 
evaluation stage with which the angle of reflection 

( [beta] ) can be calculated from the position data and 
from distance data. 

3. The measurement apparatus as defined in Claim 2, 
characterized in that the intensity changes and the 
position of the reflected beam (10) are sensed with the 
same photodetector (5.7) of the photodetector device. 
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4. The measurement apparatus as defined in Claim 2 or 3, 
characterized in that the photodetector device has two 
position-sensitive photodetectors (5.7, 5.8) arranged 
at different distances from the incidence point (P) in 
the beam path of the reflected beam (10) ; and that 

the angle ( [beta] ) is calculated on the basis of 
the differing positions of the reflected beam (10) on 
the two photodetectors (5.7, 5.8). 

5. The measurement apparatus as defined in Claim 4, 
characterized in that a beam splitter (5.9) is arranged 
in the beam path of the reflected beam (10) in front of 
the two photodetectors (5.7, 5.8); and that 

each photodetector (5.7, 5.8) receives a partial 
beam of the reflected beam (10) , 

6. The measurement apparatus as defined in one of Claims 1 
through 3, characterized in that a converging lens 

(5.6) is arranged in front of the photodetector device 

(5.7) . 

7 . The measurement apparatus as defined in one of the 
foregoing claims, 

characterized in that the transmitting optical system 
and the receiving optical system are integrated into a 
common carrier; and that 

the carrier has a three-point support for 
placement on the film. 

8 . The measurement apparatus as defined in one of the 
foregoing claims, 

characterized in that the transmitting optical system 
has a polarizer (5.2) and a A/4 plate in the beam path 
of the incoming beam (9); and that 

the polarizer (5.2) or the analyzer (5.4) is 
arranged in rotationally drivable fashion about an axis 
normal to its surface. 
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Abstract 

The invention relates to an ellipsoineter measurement 
apparatus for determining the thickness of a film applied on 
5 a substrate, having a light source (3) emitting an incoming 
beam (9) , a transmitting optical system conveying the 
polarized incoming beam (9) to an incidence point (P) on the 
substrate, and a receiving optical system that has an 
analyzer (5.4) and conveys the reflected beam (10) formed at 

10 the incidence point (P) to a photodetector device (5.7, 

5.8), the polarization direction of the incoming beam (9) 
and of the analyzer (5.4) being modified in time relative to 
one another, and the intensity changes produced thereby 
being evaluated by way of an evaluation device (7) in order 

15 to determine the film thickness. Easy handling and accurate 
measurement of the film thickness, even on dif f icult-to- 
acc^ss measured objects having differing curvatures, are 
achieved by the fact that an angle measurement device (5.7, 
5.8, 7.1) is provided with which the angle ([beta]) of the 

20 reflected beam (10) relative to a tangential plane of the 

substrate (1) at the incidence point (P) can be sensed, and 
that the film thickness can be determined by way of the 
evaluation device (7) as a function of the angle ([beta]) 
that is sensed (Figure 1) 

25 
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COMBINED DECLARATION AND 
POWER OF ATTORNEY FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below 
adjacent to my name. 

I believe I am the original, first and sole inventor (if only one name is 
listed below) or an original, first and joint inventor (if plural names are listed below) 
of the subject matter which is claimed and for which a patent is sought on the 
invention entitled ELLIPSOMETER MEASUREMENT APPARATUS, and the 
specification of which: 

[ ] is attached hereto; 

[ ] was filed as United States Application Serial No. on 

, 19 and was amended by the Preliminary 

Amendment filed on , 1 9 . 

[x] was filed as PCT International Application Number 
PCT/DE98/02260, on the 6th day of August, 1998 
[x] an English translation of which is filed herewith. 
I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal 
Regulations, § 1.56(a). I hereby claim foreign priority benefits under Title 35, United 
States Code § 1 19 of any foreign application(s) for patent or inventor*s certificate or 
of any PCT international applications(s) designating at least one country other than 
the United States of America listed below and have also identified below any foreign 
application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America 
filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 
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PRIOR FOREIGN/PCT APPLICATION(S) 

AND ANY PRIORITY CLAIMS UNDER 35 U.S.C, S 119 



Country : Federal Republic of Germany 
Application No. : 197 34 646.4 
Date of Filing: 11 August 1997 
Priority Claimed 

Under 35 U.S.C. § 1 19 : [x] Yes [ ] No 

I hereby claim the benefit under Title 35, United States Code § 120 of any United 

States Application or PCX International Application designating the United States of 

America that is/are listed below and, insofar as the subject matter of each of the 

claims of this application is not disclosed in that/those prior application(s) in the 

manner provided by the first paragraph of Title 35, United States Code § 1 12, 1 

acknowledge the duty to disclose material information as defined in Title 37, Code of 

Federal Regulations § 1.56(a) which occurred between the filing date of the prior 

application(s) and the national or PCT international filing date of this application: 

PRIOR U.S. APPLICATIONS OR 
PCT INTERNATIONAL APPLICATIONS 
DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 120 

U.S. APPLICATIONS 

Number : 

Filing Date : 

PCT APPLICATIONS 
DESIGNATING THE U.S. 

PCT Number : 

PCT Filing Date : 

I hereby appoint the following attomey(s) and/or agents to prosecute 
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the above-identified application and transact all business in the Patent and Trademark 

Office connected therewith. 

(List name(s) and registration number(s)): 

Richard L. Mayer, Reg. No,J2,490_ 
Gerard A. Messina, Reg. No . 35,952 

All correspondence should be sent to: 

Richard L. Mayer, Esq, 
"Xenyon & Ke nyon 

One Broadway 
^^^wj^ ;^raew York lQ00jL .._ 

Telephone No.: (212) 425-7200 
Facsimile No.: (212) 425-5288 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issuing 
thereon. 
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Full name of inventor ^J u er gen H AHN 

Date 



Inventor's signature 

Citizenship Federal Republic of Germany 



Residence Vor Buchhalden 19 
72581 DgfliagerL 
Federal Republic of Germany 

Post Office Address Same as above 
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Full name of inventor GgeBK MEHNLE 
I„vento.ss.gna.«^2ll^^D-.^^^0 



Citizenship Federal Republic of Germany 

Residence Schubartstr. 2 

71282 Henmimgen- 
Federal Republic of Germany 

Post Office Address Same as above 
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